We report a possible periodicity in the long-term monitoring of Ark 120, a nearby radio-quiet active galactic nucleus (AGN) at a distance of 143 Mpc (z = 0.03271). We compile the historic archival photometric and spectroscopic data of Ark 120 since 1974 and make a new two-year monitoring campaign in 2015-2017, leading to a total temporal baseline over four decades. The long-term variations in continuum exhibit a sinusoidal pattern with a period of ∼ 20 years and the Hβ integrated flux series varies with a similar pattern. The broad Hβ profiles have asymmetric double peaks, which vary strongly with time in both amplitudes and separations and tend to shift and merge into a single peak during some epochs. Ark 120 is one of the nearest radio-quiet AGNs with periodic variability and therefore is a plausible candidate for sub-parsec supermassive black hole binaries. The present database covers two cycles of the period and it is highly worthy of continuued monitoring of Ark 120 to track more cycles to study the origin of the periodicity in general and the processes related with supermassive black hole binaries in particular. The supermassive black hole binary system in Ark 120 is possibly spatially resolved by the Event Horizon Telescope and its gravitational wave radiation lies within the sensitivity of next-generation Pulsar Time Array.
1. INTRODUCTION Periodic brightness variability in long-term monitoring of active galactic nuclei (AGNs) is widely used to search for supermassive black hole binary candidates in modern timedomain surveys (e.g., Graham et al. 2015a,b; Liu et al. 2015 Liu et al. , 2016 Charisi et al. 2016; Zheng et al. 2016) . Although there exist alternative explanations, such a periodicity is generally believed to signalize the binary's orbital motion, which modulates accretion processes into the black holes, giving rise to periodic variations in disk emissions. To date systematic searches from large surveys have yielded more than one hundred of quasar and AGN candidates with periodic variability, distributed over a wide redshift range up to z ∼ 3 (Graham et al. 2015b; Charisi et al. 2016; Liu et al. 2016) . Due to the limited temporal baselines ( 10 years), these detected rest-frame periods are confined to short time scales of several years or hundreds of days. There are also a number of quasars and nearby AGNs that were reported individually to exhibit periodicity based on long-term databases, e.g., OJ 287 (z = 0.31; Valtonen et al. 2008) , NGC 4151 (z = 0.003; Guo et al. 2006) , and NGC 5548 (z = 0.017; Li et al. 2016) . OJ 287 is longknown to have strong radio emission while NGC 4151 and NGC 5548 are marginally radio quiet (Ho 2002) .
In this Letter, we report a possible periodicity in another nearby galaxy Ark 120 (z = 0.03271 1 ), which is a radio-quiet AGN with a radio-loudness R ≈ 0.1 (Condon et al. 1998; Ho 2002) and 5100 Å luminosity of ∼ 10 44 erg s −1 (Peterson et al. 1998) . Ark 120 has long-term public photometric and spectroscopic monitoring data since 1964. We in addition made new observations between 2015-2017. The long-term variations display a sinusoidal pattern with a period of ∼20 years, which is yet the largest period among the AGNs with periodicity detected. With its plenty spectroscopically monitoring data, Ark 120 can serve as a good laboratory for studying the origin of the periodicity in general and evolution of supermassive black hole binaries in particular if the periodicity stems from the binary's orbital motion.
2. OBSERVATIONS AND HISTORIC DATABASE 2.1. New Observations between 2015-2016 We made a two-year new observation campaign between 2015-2017 using Lijiang 2.4m telescope, located in Yunnan Province, China, operated by Yunnan Observatories. The spectrograph is equipped with a slit long enough to allow us to simultaneously observe a nearby comparison star . We use this comparison star as a reference Doroshenko et al. (1999b) ; (2) Peterson et al. (1989) ; (3) Peterson et al. (1998) ; (4) Winge et al. (1996) ; (5) Doroshenko et al. (2008) ; (6) this work; (7) Peterson et al. (1983) ; (8) Doroshenko & Lyuty (1999a) ; (9) Winkler et al. (1992) ; (10) Roberts & Rumstay (2012) ; (11) Koshida et al. (2014) ; (12) Catalina Survey database. a The flux of [O III] used for absolute calibration of spectra in the dateset. b "S" means that the fluxes are measured from spectroscopy and "V " means from V -band photometry.
standard to achieve accurate absolute and relative flux calibrations, whereas the absolute flux of the comparison star is calibrated by observations of spectrophotometric standards during nights of good weather conditions. This flux calibration method is different from the common way based on the flux constancy of narrow [O III] line as described below. However, we confirm that the narrow [O III] λ5007 lines of the calibrated spectra are constant with a mean of 0.96 × 10 −13 erg s −1 cm −2 and a scatter within 2.5%. The slit was fixed at a projected width of 2.5 and the spectra were extracted using a uniform window of 8.5 . The details for the data reduction and analysis will be presented in a separate paper (Zhang, Z.-X. et al. in preparation) . We obtained in total 100 spectroscopic observations, with a typical exposure of 20 minutes. The latest historic public observation was only to 2013 so that there is no temporal overlap with our observations. As a result, to align the fluxes with the historic data, we need to correct for the differences in the host galaxy contamination. Based on the two-dimensional decomposition of HST host galaxy image of Ark 120 by Bentz et al. (2009) , we estimate the relative difference of the host galaxy contribution to 5100 Å fluxes though the apertures used in our observations and in Peterson et al. (1998) is Table 1 summaries the public photometric and spectroscopic datasets to date for Ark 120 in the literature. These datasets have various apertures and different flux standards of [O III] λ5007 for absolute spectral calibrations. To obtain a homogeneous database, we need to intercalibrate them to correct for these differences.
Light Curves of 5100 Å Continuum and Hβ Fluxes
For spectroscopic data, we select the dataset of Peterson et al. (1998) count for the different aperture sizes, we apply a scale factor ϕ and a flux modulation G to the 5100 Å flux densities and Hβ fluxes of each dataset with respect to the reference as (e.g., Peterson et al. 1995; Li et al. 2014 )
and
The values of ϕ and G are determined by comparing the measurements of the two datasets that are closely spaced. The interval for comparison is adopted to be 50 days for the datasets D08 and W96 in Table 1 , which yields a good temporal overlap. For the other two datasets (D99b and P89), there is a short interval (2 years) of temporal overlap with the other datasets. Meanwhile, the sampling of these two datasets are also poor. We thus increase the interval for comparison upto 100 days to obtain a sufficient number of nearly contemporaneous observations. We note that since we concentrate on long-term variations, the choice of the interval has no influences on our analysis. It is also worth mentioning that it is impossible to intercalibrate the Hβ fluxes of our new observations with the other datasets, because there is no temporal overlap. We present the light curve of Hβ fluxes for the purpose of illustrating the variation behaviour of Hβ line. We do not use it for subsequent periodicity analysis. For V −band photometric data, we first convert the magnitudes into flux densities by adopting the zero point F λ (V = 0) = 3.92 × 10 −9 erg s Johson 1996) . We then scale the flux densities to align with the 5100 Å flux densities by again applying a multiplicative scale factor (ϕ) and an additive flux adjustment (G) to bring them into a common flux scale with the light curve of 5100 Å continuum as
The interval for comparison is adopted to be 50 days for all the datasets. Table 1 also lists the values of ϕ and G for all the spectroscopic and photometric datasets. In Figure 1 , we as in NGC 5548 (Peterson et al. 2013 ). We do not include such a variation in our intercalibration as there were no reliable absolute flux measurements over the whole period of the datasets.
plot the light curves of V −band fluxes densities, 5100 Å flux densities, and Hβ integrated fluxes.
Hβ Profiles
The Hβ profiles used in this work are mainly from Stanic et al. (2000) and Doroshenko et al. (2008) , which presented 10 broad averaged Hβ profiles over 1977-1990 (see their Figure  3 -11) and 21 Hβ profiles over 1992-2005 (see their Figure 5 ), respectively. We digitalize these figures to obtain the profile data. Since we only concentrate on the shape of Hβ profile, the absolute fluxes is no longer important. Besides, Capriotti et al. (1982) presented 6 spectra of Ark 120 over 1976 -1981 , Korista (1992 presented 12 spectra over 1981 , and Peterson et al. (1998 presented one averaged spectra around 1993. We again digitalize them and isolate out broad Hβ profiles following the procedure in Stanic et al. (2000) . The narrow Hβ line and Fe II emission are subtracted using a simple spectral decomposition (see Stanic et al. 2000 for a detail). We also supplement two mean Hβ profiles from our two-year reverberation mapping monitoring. In total, we obtain 52 profiles that cover a time span of 40 years. Figure 1 , all the light curves of V −band, 5100 Å continuum, and Hβ integrated fluxes oscillate with a roughly sinusoidal pattern. In Figure 2 , we merge the light curves of V −band and 5100 Å continuum as described above. The peaks and valleys of the sine-like variations are seen more clearly in the merged light curve. A visual inspect can find an interval of 20 years between peaks/valleys. The light curve of Hβ fluxes only covers 1.5 cycles whereas the merged light curve of V -band and 5100 Å continuum covers more then 2 cycles. In the following, we only use the merged light curve for periodicity analysis. It is interesting to mention that there is a tiny peak in the valley around year 1996, which seems to repeat after ∼20 years, around year 2016, although the data points around 2016 is relatively sparse and there is a gap of two years to the preceding observations.
PERIODICITY ANALYSIS As shown in
To alleviate the influences of highly irregular cadence and suppress the short-term fluctuations in the light curve, we bin the light curve with an interval of 100 days. The uncertainties of points in the newly binned light curve are assigned as follows: we first calculate the mean standard deviation of the There is only one profile in the third cycle, which is folded into the first phase. Vertical lines show the wavelength center of Hβ line. whole light curve, and then compare it with the standard deviations of each bin and set the corresponding uncertainty to be the maximum one. In the left panel of Figure 2 , we superpose the binned light curve with blue points upon the original light curve with gray points. We use a sinusoidal curve to fit the binned light curve, leading to a period of 19.96±0.49 years. The fitting has a minimum χ 2 /dof = 1.6. We also use the Lomb-Scargle (LS) periodogram to test for the periodicity in the light curve 3 . The right panel of Figure 2 shows the periodograms for the binned and the unbinned light curves, which peak at 19.94 and 20.30 years, respectively, consistent with the value from the sinusoidal fitting. Figure 3 shows the total publicly available Hβ profiles from 1976 to 2017. The profiles are highly asymmetric and have double peaks (e.g., 1981 and 1989) , which seem to shift and merge in opposite direction. Moreover, the amplitudes of the red and blue peaks also vary independently. These strong variations of Hβ profiles potentially reflect that the Hβ broad-line region undergoes notable changes. Such behaviour is similar to that of Hβ profiles in NGC 5548 . Unfortunately, the present database of Hβ profiles is not enough to perform an epoch folding scheme as in Li et al. (2016) to test for the periodicity in the line profile variations.
Hβ PROFILE VARIATIONS
Nevertheless, we fold the profiles into 10 uniformly-spaced phases using a period of 19.96 years in the right panel of Figure 3 . The phase bin width corresponds to ∼ 2 years and each phase bin has in average five profiles. It is more evident in the folded profile series that the red and blue peaks shift with phases significantly and their amplitudes vary independently. For the sake of comparison, we plot the Hβ profiles from the first cycle (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) , second cycle , third cycle (2017-2026) in blue, red, and cyan, respectively, and the overall mean profile in black. There is only one profile in the third cycle, which is folded into the first phase. As can be seen, the profiles from three cycles are generally matched. Specifically, the separation and amplitude of the double peaks are in general agreement. This plausibly indicates that Hβ profiles may change with a similar period as the continuum.
5. DISCUSSIONS 5.1. False Positive Rate of the Periodicity AGN variations can be described stochastically as "red noise" with a power-law shape P( f ) ∝ f −α . Vaughan et al. (2016) showed that such red-noise stochastic processes can also produce false positive periodicity in few-cycle light curves. Below we use Monte-Carlo simulations to calculate the false positive rate for the sampling pattern of Ark 120 following Vaughan et al. (2016) . For simplicity, we only use the damped random walk (DRW) model to delineate the variations. The DRW process has a power spectrum (Kelly et al. 2009 )
where τ is the typical damping timescale and σ is the standard deviation of the time series over long time scale ( τ ). The binned light curve has a mean of 10.13 and a standard deviation of 2.02 (hereafter in units of 10 −15 erg s
). We accordingly set σ = 2.02 throughout the simulations. The typical value of τ is largely unknown because AGNs with continuuing monitoring as long as four decades is very rare. There is a number of systematic studies on AGN variability over shorter timescale (Kelly et al. 2009; MacLeod et al. 2010) , giving a typical timescale on the order of ∼ 100 days for AGNs with 5100 Å luminosities of 10 44 erg s −1 . This apparently cannot describe variations on a timescale of decades. On the other hand, the simulations of Vaughan et al. (2016) illustrated that the false positive rate depends on the measurement errors. Using unrealistically overestimated errors leads to too much "white noise" in the simulations, which reduces the probability for producing strong periodic modulations. We therefore calculate the false positive rates for a wide range of τ and (fake) measurement noises.
With the given parameters of σ and τ , we perform simulations as following steps. We first generate a mock light curve with 1000 points over the baseline same as that of Ark 120, and use linear interpolation to obtain the fake measurements at the observed times. We then scale and shift the newly gener- ated light curve by multiplying a factor and adding a constant to ensure the variance and mean flux equal to those of the observed data; To simulate observational noises, additional independently random, Gaussian noises are finally incorporated into the generated fluxes. Note that the final errorbars of simulated data are assigned as in the real data.
As in Section 3, we fit the fake light curve with the sinusoidal model and identify as a "periodic candidate" if the following criteria are satisfied: 1) the fit has a minimum reduced χ 2 /dof < 1.6 and the improvement compared to the fit using a constant is significant with ∆χ 2 > 300; and 2) the light curve covers at least 1.5 cycles. The choice of the first criterion is based on the data of Ark 120 for the purpose of selecting out light curves with significant variability. The choice of the second criterion is widely used in previous time-domain surveys (Graham et al. 2015b; Liu et al. 2016) . Figure 4 plots the false positive rates for different τ . From top to bottom, lines represent the amount of measurement errors (e obs ) incorporated into simulations: σ sim = 0, 0.5, 0.8, and 1.0e obs , respectively. The rate rises rapidly from τ = 1000 to 3000 days, and then tends to be flat. As expected, the rate strongly depends on the amount of noises added in the simulations. The case without inclusion of noises gives a conservative estimate of the false positive rate < 1%. This indicates that the probability for the periodicity in the presence of purely stochastic variations (described by the damped random walk model) is less than 1%. The present baseline only covers two cycles, therefore, continuued monitoring of Ark 120 is highly required to track more cycles so as to confirm the periodicity with a higher significance level.
The Supermassive Black Hole Binary
As for the periodicity in AGN variations, there are indeed a variety of theoretic models/interpretations (see the discussions in Li et al. 2016 , Lu et al. 2016 , and Bon et al. 2016 . Some of the interpretations can be directly excluded in Ark 120. The precessing jet model is implausible as Ark 120 is radio quiet; The hot spot model is also impossible because it is hard to produce such large amplitude variations. The other interpretations may be tested with the aid of high-quality reverberation mapping observations (e.g., Shen & Loeb 2010) .
We defer this to a future work by making use of our Lijiang reverberation mapping data.
Ark 120 has a stellar velocity dispersion of σ = 192 ± 8 km s −1 (Woo et al. 2013) , resulting in a black hole mass estimate of M • = (2.6 ± 0.2) × 10 8 M from the M • − σ relation for classic bulges (Kormendy & Ho 2013) . By assuming an SMBH binary residing at the center of Ark 120, the semimajor axis of the binary's orbit is a • = 26.5 light-days (0.02 pc or 32 µas) if using 19.96 years (in the observed frame) as the orbital period. If each black hole produces radio emission, such a separation can be marginally spatially resolved by the Event Horizon Telescope with an angular resolution of ∼ 20µas (Fish et al. 2016) .
Hβ reverberation mapping observations of Ark 120 showed a typical size of 30-40 light-days for the Hβ broad-line region (Peterson et al. 1998; Zhang et al. 2017) , indicating that the binary orbit is slightly smaller/comparable with the Hβ broadline region. The interaction between the binary black holes and the broad-line regions is therefore important to shaping the broad line profiles. On the other hand, the characteristic strain amplitude of the gravitational wave emission is on the order of h s ∼ 10 −17 , which is in the sensitivity of nextgeneration Pulsar Time Array (Janssen et al. 2015) .
6. CONCLUSION Based on our compiled historic archival photometric and spectroscopic data over four decades, we report a possible period of ∼ 20 years in long-term brightness variations of the nearby radio-quiet galaxy Ark 120. The variations of both the optical continuum and Hβ integrated fluxes have a sinusoidal pattern with an amplitude > 50%. The false positive rate of the periodicity is estimated be less than 1%. Meanwhile, the broad Hβ line of Ark 120 shows double peaks, which shift and merge with time. Although the available database of Hβ profiles (only 52 profiles over 40 years) is insufficient to draw a firm conclusion, it is plausible that the Hβ profile changes with a similar period. These lines of observations makes Ark 120 to be one of the nearest AGNs with periodic variability, a remarkable analogy to NGC 5548 ). Ark 120 is therefore a plausible candidate for supermassive black hole binaries. The supermassive black hole binary system in Ark 120 can be marginally spatially resolved by the Event Horizon Telescope and its gravitational wave radiation lies within the sensitivity of next-generation Pulsar Time Array. NSFC-11173023, -11133006, -11233003, -11303026, -11573026, and -U1431228. 
